Efrös and shklovskii variable range hopping (ES-VRH) conduction mechanism
 is observed in the multiwall carbon nanotube (MWNT s ) solid embedded in polymer poly(3,4-éthylènedioxythiophène) polymerized with poly(styrène sulfonate de sodium) PEDOT-PSS at high temperatures, The presence of quasi-one-dimensional (MWNT s ) helps in lowering the tunnel barriers at low temperatures, which explains the large negative magnetoresistance (MR) in this temperature interval. .
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INTRODUCTION
In this research conformation of (MWNT) suspensions in a aqueous solution of conducting polymer poly (3,4- éthylènedioxythiophène) polymerized with poly(styrène sulfonate de sodium) PEDOT-PSS is studied using the small angle x-ray scattering technique. SAXS studies in polymeric systems have already shown that the local nanoscale morphology at various length scales can be probed to show the correlation among the conformation and assembly of chains [1] [2] . Our results show rigid-rod characteristics of nanotubes held in a meshwork in the polymer solution; the polymer globules close to the CNT s are extended and tend to aggregate onto the nanotube walls partially "coating" them. The memory of the conformation in the suspension state is retained in the solid nanocomposite films. Furthermore, the interplay of conduction mechanisms of the carbon nanotube solid embedded in PEDOT-PSS matrix is investigated. Since PEDOT-PSS is widely used as transparent electrode in polymer and organic devices, the low-temperature conductivity and magnetoresistance measurements have been carried out in MWNTs-PEDOT-PSS composite films. As said earlier, the small angle x scattering technique results indicate that the PEDOT-PSS globules tend to adhere to the walls of carbon nanotube solid. This could weaken the inter-tube transport, especially in the lower volume fraction range. In case of higher volume fractions the carbon nanotube solid tend to form aggregates that make the system highly inhomogeneous, and the intrinsic mesoscopic properties of individual tubes are usually lost due to presence of inter-tube screening of too many nanotubes. Due to these factors the concentration of nanotubes in PEDOT-PSS is this study is limited to 3%. The lower cut-of for concentration is verified to be above the percolation threshold. Because of the restricted carbon nanotube concentration, individual nanotubes as well as the conducting polymer matrix are expected to contribute substantially to the overall charge transport and very interesting indications of the contribution to transport mediated via the carbon nanotube solid are observed at low temperatures.
Efrös and shklovskii (ES) [3, 4] At zero magnetic field 0 BT  , we used Zabrodskii and Zinovera [5] method to determine which of the both VRH regimes is observed in the samples, Zabrodskii and Zinovera [5] give the following function W(T) varying with temperature T as:
EXPERIEMENT
The average diamedre of MWNT s used ~40 nm extending up to a length of a few hundred nanometers, and the samples were prepared by chemical vapour deposition techniques [6] . Short PEDOT chains complexed onto a PSS template (PEDOT-PSS, from Baytron-PTM) were used as the matrix of the nanocomposite. For the SAXS measurements, an aqueous solution 1.1 wt% PEDOT+PSS was filtrered using a 0.2 mm PTFE membrane filter to remove traces of macroscopic aggregatets. 1wt% of acid washed and dried CNT S were dispersed in triple-distilled water (TDA) bay ultrasonication for 15min, and the suspention was named CNTW. The aqueous suspensions of CNT S were then added to PEDOT-PSS in water and ultrasonicted to prepare dispersions of 0.03 wt% CNT with respect to PEDOT-PSS and the samples were named CNTP (0.03%). The SAXS studies were limited to samples containing less than 1% of CNT S , so that they are within the dilute solution lilmit so as to restrict the aggregation of CNT S . An aqueous solution of the pristine polymer PEDOT-PSS was also studied as reference. For the conductivity and magnetoresistance measurements on nanocomposites, 0.03 wt% of CNT suspensions in water were dispersed in aqueous PEDOT-PSS solution by ultrasonication for 30 min. Free-standing nanocomposite films of thickness 15-20 µm were obtained from the CNT-PDOT-PSS solution by drop-casting on glass substrate and eventual evaporisation at 60°C-70°C. The electrical measurements were performed on the 0.03% nanocomposite with standard four-probe dc method in a Janis variable-temperature cryogenic system equipped with an 11 T superconducting magnet. A magnetic field was applied parallel to the network plane. The current used in low-temperature transport measurements is below 1µA and heat dissipation is typically less than 50 nW. The temperature was stable to within 20 mK during the field sweep. Standard four-probe measurements were also carried out on pressed pellets of MWNT S and the data were used as reference for the nanocomposite data.
RESULTS AND DISCUSSION
The W plot, as shown in the inset of Fig.1 , the slope p is substantially equal to 0.47, indicating the existence of 1D-ES-VRH conduction regime in the temperature range 4-300K with the resistivity following a stretched exponential dependence (exponent~0.5) T fit for these samples, in the range of 4 K < T <50 K, suggests that the one dimension hopping of small polarons along the PEDOT segments attached to the PSS template is the plausible mechanism, and also explains why the temperature dependence of resistivity is not sensitive to the variation of CNT content, in this range of temperature. This model based on small polaron hopping and tunnelling could give an interpretation for both the strong temperature dependence of resistivity at T> 4 K. The temperature dependence of resistivity for one dimensional-Mott-VRH in disordered systems given by:
The fit to equation .1 in Fig.2 , yield the values of R 0 and T 0 as 20Ω and 784 K respectively.
The low-temperatue resistivity data in CNT-PEDOT-PSS nanocomposites are further investigated with the help of magnetoresistance (MR) measurements as a local probe, as shown in Fig.3(a) . The (MR) data for CNT pressed pellet is shown in Fig.3(b) for comparison. It is known that the conductivity and (MR) in CNT s can vary widely due to the contributions from defects, packing and alignment of nanotubes. However, the observation of negative (MR) in Fig.3(b) indicates that the intrinsic metallic nature of CNT s is not adversely affected due to disorder. Both conductivity and (MR) in CNT bundles have been explained using the weak localization and electron-electron interaction (EEI) model [10] . 
Fig. 3(a) magnetoresistance versus magnetic field at different temperature for 3%CNT-PDOT-PSS and (b)
MWNT pellets. 
Fig. 3(b)
The present data, thus, agree with existing earlier reports, The strong negative (MR) at low fields is due to the weak localization contribution and its tendency to saturate at higher fields is due to the superposing contribution of (MR) due to electron-electron interaction. Surprisingly for 3%CNT-PEDOT-PSS nanocomposites as in Fig.3(a) , the (MR) data are positive at T > 4K and negative at T < 4K, which is reproducible in several samples. This type of (MR) is hardly observed in conventional hopping systems. The positive (MR) at 4K and 10K is quite low, unlike the large positive (MR) observed in usual hopping systems. This is due to the presence of CNT s that contribute to a resulting lowered magnitude of (MR). The low value of positive (MR) also indicates that the response of low mobility polarons to the magnetic field is rather weak, as is expected. However, the unusually large negative (MR) at T < 4K, especially at 1.3 K (~80%), is quite unprecedented in these types of systems. The earlier (MR) studies in several conducting polymers like polypyrrole, polyaniline, PEDOT,etc, and also in MWNT-insulating-polymer composites, have not shown any comparable results. Typically systems close to the meta-insulator trasition show a small positive (MR), insulating ones have a large positive (MR) and metallic samples have a mix of small positive and negative due to the contributions from weak localization and electron-electron interactions [11, 12] .
The (MR) data above T < 4 K can be quantitatively analysed based on the 1D-VRH model prescribed for the resistvity data in the temperature range 4-300 K. In the strongly localized regime, the presence of an external magnetic field leads to shrinkage of the overlap of wavefunctions of the charge carriers. As a result the probability of hop between two sites is reduced and a large positive (MR) is observed [13, 14] . For 1D-VRH transport, the low-field positive (MR) is governed by the equation:
is the magnetic length, Lc is the localization length, , t = 0.0015 and y=3/2 [15] . (4) are 4.5 nm and 3nm at 4 K and 10 K, respectively. The values lie between the small localization length reported for conducting polymers (~1-2nm) and a comparatively larger value MWNT S (~10nm) [15, 16] . It is thus evident that the localization of the polymer matrix is enhanced due to the presence of CNT s indicating an overlap of wavefunctions between carriers of polymer and MWNT s , especially at lower temperatures.
Although VRH transport is usually observed in disorderly materials like composites, as the inhomogenety of the system increases, the FIT model is used to fit data, especially at low temperatures, for conducting nanofillers in an insulating matrix [17] . Here the tunneling is characterized by charge transport across insulating barriers in the conducting pathways between conducting regions. Thermally activated voltage fluctuations across the junctions can lead to temperature independent conductivity at very low temperatures. Recently a combined FIT and VRH model is used to analyse the data in an MWNT-PMMA composite [18] . However, fitting the dat to this multiparameter model often leads to physically unrealistic values and ambiguous results. Furthermore, in a CNT-conducting polymer system, as in the present case, the conducting matrix does not favour the voltage fluctuations to occur across the tunnel junctions. Nevertheless, if the proposed model of the tunnel transport of small polarons [19] at T < 4 K is viable, then the magnetic field could lower the tunnel barriers, especially at the polymer-CNT interface. As a result a large negative (MR) is possible, since the tunneled polarons are expected to have a higher mobility via the CNT s . This type of field-induced delocalization, especially in low dimensional systems, has been investigated theoretically; and the magnetic field is shown to enhance the inter-chain hopping integral. As a result a large negative (MR) is possible [20] . In such a case, the theoretical model [20] 
CONCLUSION
Conformation and charge conduction mechanisms in MWNT-PDOT-PSS nanocomposites are studied. The results show how the structural features present in the system affect the overall charge transport. SAXS studies in conjugated polymers and its composites with CNT s show that supramolecular scale interactions modify the structural properties. Partial coverting of the CNT s by the PEDOT-PSS globules, which is evident from SAXS data, weakens the inter-tube interactions of CNT s usually have a tendency to bundle, PEDOT-PSS can assist in separating them out. Interestingly, these solution-state conformational features provide clues for the repercussions in the charge transport properties in solid-state films. The temperature and magnetic field dependence of resistivity in nanocomposites of MWNT-PDOT-PSS are analysed within a consistent framework. Charge transport is mainly governed by small polarons of the conducting polymer as the interaction between nanotubes is sufficiently reduced by the polymer globules adhered to the nanotube walls. At T > 4 K, 1D-VRH is dominant,which results in a positive (MR). However, the anomalus drop in resistance and the large negative (MR) at T < 4 K are attributed to tunnel transport of small polarons in this temperature regime. The presence of quasi-one dimension MWNT helps in lowering the tunnel barriers, thereby enhancing delocalization across the nanotube-polymer boundary that leads to a large negative (MR).
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